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particular for actuating control valves or injection valves of 
internal combustion engines in motor vehicles, having a 
circular, cylindrical piezoelectric actuator body in the form 
of a multilayered laminate made up of stacked layers of 
piezoelectric material with intervening metallic or 
electrically conductive, alternating first and second 
electrode layers that function as electrodes, wherein these 
first and second electrode layers alternatingly contact a 
first and second electrically conductive common electrode 
connection. 


Generally, high-voltage piezoelectric actuators that are 
15 cylindrical in shape are known which, as individual disks with 
fixed electrodes, are stacked into a cylinder (e.g. see US 
patent 4 4 60 842) . For the external electrode connections, 
electrode plates are routed to the circumference of the 
cylindrical stack and are bent at right angles there so that 
20 strip-shaped electrode connections that are angularly offset 
from one another can contact the respective electrodes that 
are associated with one another. 


For the use of a piezoelectric actuator for actuating 
injection valves in internal combustion engines of motor 
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vehicles, a cylindrical actuator is advantageous since it 
optimally utilizes the available installation space in an 
injector body and in a circular bore in the cylinder head of 
the engine. Then a high-pressure bore can also be routed in 
the injector body or housing next to the actuator. 


The circular contour of the actuator body requires a 
special electrode structure in order to be able to embody an 
electrically and mechanically favorable contacting of the 
electrodes with associated electrode connections. 


nrr&^d.'vm'ita.^rsr of the Invention 


In accordance with the above, the object of the invention 
is to produce a piezoelectric actuator/ that is particularly 
suited for actuating control valves or injection valves of 
internal combustion engines in motor vehicles, having a 
circular, cylindrical piezoelectric actuator body in the form 
of a multilayered laminate made up of stacked layers of 
piezoelectric material with intervening metallic or 
electrically conductive, alternating first and second 
electrode layers that function as electrodes, so that a 
mechanically stable, space-saving, and electrically reliable 
contacting of the electrode layers with the associated 
electrode connections is possible. 


4. 


The attainment of the f object can be made up of two 
aspects according to the invention: 


- In the first aspect according to the invention, the 
5 circular, cylindrical actuator body has an internal bore, 

wherein the first electrode connections are disposed on the 
inside and the second electrode connections are affixed 
externally or also, both electrode connections are 
; : ::r accommodated in the internal bore. 

10 - According to the second aspect -^clc^ ¥e the 

Hi invention, the actuator body is likewise circular and 

cylindrical, but does not have an internal bore. The electrode 
Fll connections are disposed on the circumference of the 

cylindrical actuator body and are angularly offset in relation 
S 15 to one another, wherein the first and second electrode layers 

also have respective recesses which insulatingly encompass the 

electrode connection that is not in contact with this 

electrode layer . 


In this manner, an advantageous piezoelectric actuator 
\ 2 0 can be produced, whose out^^ contour - despite the electrode 

connections - diverges farar rd l y or not at all from the circular, 
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cyl indrical form so that a piezoelectric actuator of this kind 
can be snugly fitted into a circular, cylindrical bore of an 
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injector body, wherein there is still space for a high- 
pressure bore in the wall of the injector body. 



The above-mentioned features of the invention and others 
will be discussed in more detail in the description below , w 

^Higffi&eH m conjunction with the drawings^ * + 


Figs. 1A & IB respectively show perspective and 
v"; longitudinal sectional views of a piezoelectric actuator 

t \l 10 embodied according to the first aspect of the invention. 

Figs. 2A & 2B respectively show perspective and 
longitudinal sectional views of a variant of a piezoelectric 
Z actuator according to the invention embodied in accordance 

with the first aspect. 


15 Figs. 3A & 3B respectively show perspective and 

longitudinal sectional views of a piezoelectric actuator 
embodied in accordance with the second aspect according to the 
invention . 


Figs. 4 to 8 show cross sections of variants of the 
2 0 exemplary embodiment of a piezoelectric actuator depicted in 
Figs . 3A and 3B. 
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Fig. 1A shows a circular, cylindrical actuator body 1, 
which is provided with a central, internal longitudinal bore 
2 . 


5 According to Fig. IB, first electrode layers 10, which 

alternate with second electrode layers 11 in the piezoelectric 

actuator body 1, are exposed on the inner wall 3 of the 
body 

actuator fee-^e 1 that is constituted by the central, internal 
longitudinal bore 2 and contact a first common electrode 

10 connection 12 there, while the second electrically conductive 
electrode layers 11 are exposed on the outer cylinder wall 4 
of the actuator body 1 and contact a second common electrode 
connection 13 there. In this manner, the first common 
electrode connection 12 is disposed on the inside and second 

15 common electrode connection 13 is disposed on the outside of 

the actuator body 1 . In the cross section through the actuator 
body 1 shown in Fig. IB, it is also clear that the first 
electrode layers 10 that contact the first electrode 
connection 12 do not extend to the outer cylinder wall 4 and 

20 that the second electrode layers 11 that contact the second 
common electrode connection 13 do not reach the inner wall 3 
of the actuator body 1 constituted by the bore 2 . 


In principle, the first common electrode connection 12 
covers the entire inner wall 3 of the actuator body 1 in a 
25 circular fashion and the second common electrode connection 13 
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covers the entire outer wall 4 in a circular fashion. 
Alternatively, the first and second electrode connection 12 
and 13 can also be routed only in the form of a strip parallel 
to the longitudinal axis of the actuator body 1 . 

5 The variant of the piezoelectric actuator embodied in 

accordance with the first aspect according to the invention 
shown in Figs. 2A and 2B differs from the first embodiment 
shown in Figs . 1A and IB in that none of the first and second 
electrode layers 10 and 11 are exposed on the outer cylinder 
10 wall 4 of the actuator body 1, but instead contact the first 
and second common electrode connection 12 and 13 exclusively 
on the inner wall 3 that is constituted by the internal 
longitudinal bore 2 . 

The first and second common electrode connections 12 and 
15 13 constitute narrow contact strips which are disposed on the 
inner wall 3 of the actuator body 1 and are aligned in its 
longitudinal direction . 

The advantage of the exemplary embodiment of the 
piezoelectric actuator according to the invention shown in 
2 0 Figs. 2A and 2B lies in the high degree of utilization of the 
active piezoelectric surfaces. 

In contrast, the advantage of the exemplary embodiment of 
a piezoelectric actuator according to the invention shown in 
Figs. 1A and IB is that a prestressing element, e.g. in the 
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form of a metallic pin, can be inserted through the internal 
bore 2 in order to exert a mechanical initial stress on the 
two end faces of the actuator body 1 . As a result, tension 
brackets that are guided along the outside of the actuator 
body 1 can be eliminated. 


A piezoelectric actuator embodied in accordance with the 
ft 

second aspect ia^c ordri^ g—fee" the invention, as shown in Figs. 3A 
and 3B, has no internal bore. The alternating first and second 
electrode layers 10 and 11 are respectively exposed on 
opposite circumference sides of the circular, cylindrical 
actuator body 1 and contact the first and second electrode 
connections 12, 13 on these opposite circumf erenee sides. The 
perspective depiction in Fig. 3A shows that the contact 
surfaces available for the first and second electrode 
connections 12, 13 can, in principle, extend to almost 180°^ 
■©ft the circumf erenee surface of the cylinder . The first and 
second electrode connections 12 , 13 then each constitute a 
shell on the cylinder circumference surface. So that the first 
and second electrode connections 12, 13 are insulated from one 
another, two diametrically opposed strips remain untouched by 
electrode connections . 


The sectional view depicted in Figs. 4A and 4B shows one 
such variant with wide contact surfaces for the first and 
second common electrode connections 12 and 13 . According to 
Fig. 4B, each first electrode layer 10 is recessed around the 
shell-shaped second electrode connection 13 , wherein this 


recess 17 is comprised of ceramic without electrode material. 
In precisely same manner, every second electrode layer 11 is 
recessed around the first common electrode connection 12 so 
that the first electrode layer 12 is insulated in relation to 
5 the second electrode layer 11. This recess 18 is also 

comprised of ceramic without electrode material . According to 
Figs. 4A and 4B, the form of the recesses 17 and 18 is arc- 
shaped, wherein the arc of the first and second recesses 
encloses a slightly greater angular range than the shell of 
10 the second and first electrode connections. 

In principle, the electrode surface area of a 
piezoelectric actuator is better utilized the smaller the 
contact surfaces of the first and second common electrode 
connections become. One embodiment for this is shown in Figs. 

15 5A, 5B, 6, and 7. The first and second electrode connections 
12 and 13 constitute narrow, diametrically opposed contact 
strips which are aligned in the longitudinal direction on the 
outer circumference 4 of the piezoelectric actuator body 1. 
The respective recesses 17 and 18 can therefore be small so 

2 0 . that they take only small parts of the surface area away from 
the respective electrode surfaces of the first and second 
electrode layers 10 and 11 . 

In contrast to Figs . 4 and 5 , the variants according to 
Figs . 6 to 8 show only a side view, wherein only one of the 
25 electrode layers , e.g. one of the first electrode layers 10 

and the recess 17 encompassing the contact strip of the second 
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electrode connection 13, can be seen. According to Figs. 6 and 
7, the recesses 17 are limited to small parts of the service 
area of the first electrode layers 10. The recesses 18 (not 
shown) are then formed in precisely same manner around the 
5 contact strip constituting the first common electrode 
connection 12 . 

According to Fig. 6, the recesses 17 and 18 have the form 
of a segment of a circle. According to Fig. 7 , the recesses 17 
and 18 have the form of an arc-shaped section respectively cut 
10 from the first and second electrode layer. 

In contrast to those in Figs . 5 to 7 , the first and 
second common electrode connections 12 and 13 in Fig. 8 are 
embodied similarly to those in Fig. 4, in the form of wide 
shells and each recess 17 of the first electrode layer is 
15 disposed approximately in the form of a crescent around the 

second electrode layer 13 . The second recess 18 of the second 
electrode layers 11 (not shown in Fig. 8) then has the same 
form around the first electrode connection 12 . 

Particular to all of the exemplary embodiments shown in 
20 Fig. 3 to 8 is an offset disposition of the first and second 
electrode layers 10 and 11 according to Fig. 3B, wherein the 
first and second electrode layers 10 and 11 are each exposed 
on diametrically opposite sides of the cylinder circumference 
surface and maintain contact there with narrow contact strips 
25 of the first and second common electrode connections 12, 13 


9 



# • ' 

(see Figs. 5, 6, and 7) or with wider contact shells of the 
first and second common electrode connections 12 and 13 (Figs. 
4 and 8) . The outer contours of the exemplary embodiments of a 
piezoelectric actuator according to the invention shown in the 
5 Figs, diverge hardly or not all from the circular, cylindrical 
form that is optimal for the intended use indicated. 
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